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(57) A plurality of antennas are disposed in a prede- 
termined area and wherein size, configuration and 
mounting condition of the antennas are set so that their 
directivities formed by interference therebetween are 
most desirable. 
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Description 

Background of the Invention 

1 . Field of the Invention 5 

The present invention relates to a car-mounted 
antenna apparatus, for example, for AM broadcasting, 
FM broadcasting, TV broadcasting and radio tele- 
phones. 10 

2. Related art of the Invention 

In recent years, a car has been equipped with vari- 
ous kinds of radio devices such as a television set, a 15 
radio telephone and a navigation system as well as an 
AM/FM radio set and it is expected that this trend will 
continue as long as new types of radio apparatuses are 
devised with development in information technology. 
Since these radio devices use different frequency bands 20 
and radio wave formats, it is necessary to provide a plu- 
rality of antennas therefor. As the antennas, for exam- 
ple, rod antennas, V-type dipole antennas and loop 
antennas are used. Since it, is necessary to provide an 
antenna for each of the radio apparatuses as mentioned 25 
above, the number of antennas mounted on a car 
increases as the number of radio devices mounted on 
the car increases. Conventionally, each of the antennas 
is designed to be suitable for its target radio wave so 
that it delivers the best performance for the frequency 30 
band it uses. With such antennas, the performance 
such as the directional gain degrades due to the influ- 
ence of other antennas and members which are present 
in the vicinity. Consequently, rt is necessary to dispose a 
multiple of antennas in a limited space such as a car in 35 
a manner such that as much distance as possible is 
kept therebetween in order to prevent interference with 
other members. Therefore, where and how to dispose 
the antennas is important. 

However, in mounting antennas on a car, it is nec- 40 
essary to dispose the antennas so that a distance is 
kept therebetween as described above because con- 
ventional antennas are designed to be suitable for their 
target radio waves, so that a large space is necessary 
for mounting the antennas and it is cumbersome to 45 
decide where to dispose the antennas. In addition, the 
conventional antennas have disadvantages in easiness 
of handling and appearance such as feeder wiring. That 
is, with the conventional antennas, a large space is nec- 
essary for disposing a multiple of antennas intensively so 
or close to each other in a limited space such as a car 
because disposing a multiple of antennas intensively or 
close to each other degrades the performance of the 
antennas. 

In addition, the conventional antennas, which pick ss 
up radio waves from inside the car as well as radio 
waves from outside the car, face a problem that noises 
caused by the engine and the like become jamming 
waves to degrade the reception condition. 



Summary of the Invention 

In view of the aforementioned problems of the con- 
ventional antennas, an object of the present invention is 
to provide an antenna apparatus wherein a plurality of 
antennas are disposed intensively or close to each 
other in a small space, said antenna apparatus being 
capable of being reduced in size and preventing noises 
from inside the car. 

The present invention according to claim 1 is an 
antenna apparatus wherein a plurality of antennas are 
disposed in a predetermined area and wherein size, 
configuration and mounting condition of the antennas 
are set so that their directivities formed by interference 
there between are most desirable. 

According to this arrangement, a plurality of anten- 
nas may be disposed in a small area without any degra- 
dation of the directivity. 

The present invention according to claim 6 is an 
antenna apparatus comprising two antennas and a syn- 
thesizer for synthesizing outputs of the two antennas, 
wherein said two antennas are disposed in a manner 
such that their antenna outputs have opposite phases 
for a radio wave coming from a predetermined direction. 

According to this arrangement, the radio wave com- 
ing from the predetermined direction is canceled and by 
applying this, jamming waves and noises from specific 
directions are reduced. 

The present invention according to claim 9 is an 
antenna apparatus wherein a dielectric material or a 
magnetic material or a metal material is disposed close 
to an antenna element. 

According to this arrangement, the directivity of the 
antenna is improved with a simple arrangement. 

The present invention according to claim 11 is an 
antenna apparatus wherein a plurality of antennas are 
disposed close to each other each in a position where 
their directivity gain is low. 

According to this arrangement, the influence of the 
interference with other antennas is reduced, so that the 
antennas may be disposed close to each other with 
their directivities maintained. 

The present invention according to claim 12 is an 
antenna apparatus comprising a planar antenna ele- 
ment and at least one monopole antenna disposed 
close to said planar antenna element in a direction sub- 
stantially vertical to a plane of said planar antenna ele- 
ment, wherein interference between said monopole 
antenna and said planar antenna element is used to 
receive vertically polarized waves. 

According to this arrangement, vertically polarized 
waves may be received by a low-profile antenna. 

The present invention according to claim 13 is an 
antenna apparatus comprising an antenna and imped- 
ance controlling means provided at a feeder of said 
antenna for controlling a directivity of said antenna. 

According to this arrangement, the directivity of the 
antenna may be controlled. 

The present invention according to claim 16 is a lin- 
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ear low-profile antenna wherein an antenna element is 
disposed at any of a rear spoiler, a trunk lid rear panel, 
a rear tray, a roof spoiler and a roof of a car. 

The present invention according to claim 17 is an 
antenna for vertically polarized waves wherein an 
antenna element is disposed at a portion inclined at 
least a predetermined angle to the horizontal. 

The present invention according to claim 19 is an 
antenna for car-to-car communications wherein an 
antenna element is disposed in a body of a car. 

The present invention according to claim 20 is an 
antenna for road-to-car communications wherein an 
antenna element is disposed in a body of a car. 

By disposing the antennas as described above, the 
antennas may be mounted without any compromise on 
the appearance of the car. 

The present invention according to claim 23 is an 
antenna apparatus wherein a plurality of antennas are 
disposed in a predetermined area and wherein a part or 
all of said plurality of antennas are provided with means 
for changing impedance applied to said antennas or a 
switch for turning on and off the impedance applied to 
said antennas so that directivities of said antennas 
formed by interference between the antennas are most 
desirable. 

According to this arrangement, the performance of 
the antenna is improved with a simple arrangement. 

The present invention according to claim 27 is an 
antenna apparatus according to any of claims 1 to 3, 23, 
26 and 28 wherein a ground is disposed close to the 
antennas so that their directivities are most desirable. 

According to this arrangement, desired directivities 
are obtained with a simple arrangement. 

The present invention according to claim 24 is an 
antenna apparatus wherein one or two antenna ele- 
ments wound a predetermined number of times are pro- 
vided for a feeder. 

According to this arrangement, a small-size and 
high-gain monopole or dipole antenna is realized. 

The present invention according to claim 29 is an 
antenna apparatus comprising n feeders connected to n 
antennas, less than n feeders, and a coupled circuit for 
connecting said less than n feeders and said n feeders. 

According to this arrangement, the number of 
cables is reduced, so that the total weight of the cables 
is reduced. 

The present invention according to claim 31 is an 
antenna apparatus according to any of claims 1 to 3 
wherein a switch for selecting an antenna providing opti- 
mum wave propagation from among said plurality of 
antennas to switch to the selected antenna is disposed 
between a feeder and a radio apparatus. 

According to this arrangement, more excellent 
reception condition is obtained. 

Brief Description of the Drawings 

FIG. 1 schematically shows' examples of an 
antenna apparatus according to a first embodiment of 



the present invention. 

FIG. 2 schematically shows other examples of the 
antenna apparatus according to the first embodiment. 

FIG. 3 schematically shows examples of types of 
5 antennas used in the present invention. 

FIG. 4 schematically shows other examples of 
types of antennas used in the present invention. 

FIG. 5 schematically shows examples of positional 
relationships between antennas in the f irst embodiment. 
io FIG. 6 schematically shows other examples of posi- 
tional relationships between antennas in the first 
embodiment. 

FIG. 7 schematically shows examples of an 
antenna apparatus according to a second embodiment 
75 of the present invention. 

FIG. 8 schematically shows modifications of the 
second embodiment. 

FIG. 9 schematically shows examples of an 
antenna apparatus according to a third embodiment of 
20 the present invention. 

FIG. 10 schematically shows examples of an 
antenna apparatus according to a fourth embodiment of 
the present invention. 

25 (a) of FIG. 11 schematically shows an antenna 
apparatus according to a fifth embodiment of the 
present invention, (b) of FIG. 11 shows the fre- 
quency characteristic of the antenna apparatus. 

30 FIG. 12 schematically shows examples of an 
antenna apparatus according to a sixth embodiment of 
the present invention. 

FIG. 13 schematically shows examples of an 
antenna apparatus according to a seventh embodiment 
35 of the present invention. 

FIG. 1 4 schematically shows other examples of the 
antenna apparatus according to the seventh embodi- 
ment. 

FIG. 15 schematically shows other examples of the 
40 antenna apparatus according to the seventh embodi- 
ment. 

FIG. 16 is an external view of assistance in explain- 
ing where to dispose antennas in an eighth embodiment 
of the present invention. 
45 FIG. 17 cross-sectionally shows mounting condi- 
tions of antennas in the eighth embodiment. 

FIG. 18 shows other antenna mounting positions in 
the eighth embodiment. 

FIG. 19 schematically shows an antenna apparatus 
so according to a ninth embodiment of the present inven- 
tion. 

FIG. 20 diagrammatically shows an antenna appa- 
ratus according to a tenth embodiment of the present 
invention. 

55 FIG. 21 is an external view of assistance in explain- 
ing where to dispose antennas in an eleventh embodi- 
ment of the present invention. 

FIG. 22 diagrammatically shows two examples of 
an antenna apparatus according to a twelfth embodi- 
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ment of the present invention. 

FIG. 23 diagrammatically shows two examples of 
an antenna apparatus according to a thirteenth embod- 
iment of the present invention. 

FIG. 24 diagrammatically shows three examples of 
an antenna apparatus according to a fourteenth embod- 
iment of the present invention. 

FIG. 25 diagrammatically shows an example of an 
antenna apparatus according to a fifteenth embodiment 
of the present invention. 

FIG. 26 diagrammatically shows another example 
of the antenna apparatus according to the fifteenth 
embodiment. 

FIG. 27 diagrammatically shows an example of an 
antenna apparatus according to a sixteenth embodi- 
ment of the present invention. 

FIG. 28 schematically shows examples of an 
antenna apparatus according to a seventeenth embodi- 
ment of the present invention. 

FIG. 29 is a partially cutaway view showing an 
example where the antenna apparatus of the seven- 
teenth embodiment is formed by use of a multilayer 
printed circuit board. 

FIG. 30 schematically shows examples of an 
antenna apparatus according to an eighteenth embodi- 
ment of the present invention. 

FIG. 31 schematically shows other examples of the 
antenna apparatus according to the eighteenth embod- 
iment. 

FIG. 32 schematically shows another example of 
the antenna apparatus according to the eighteenth 
embodiment. 

FIG. 33 schematically shows an example of an 
antenna apparatus according to a nineteenth embodi- 
ment of the present invention. 
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Preferred embodiments of the Invention 

s Hereinafter, the present invention will be described 

with reference to the drawings showing embodiments 
thereof. 

(First Embodiment) 

10 

First, the principle of this embodiment will be 
described. As mentioned in the description of the prior 
art, conventional antennas are each designed so that 
their directivity is suitable for their target radio wave, so 

15 that disposing a plurality of antennas close to each 
other degrades the directivities of the antennas 
because of the interference between the antennas. In 
the present invention, positively using this phenome- 
non, a plurality of antennas are disposed intensively or 

20 close to each other and the size, configuration and 
mounting condition of the antennas are decided so that 
their directivities become most desirable for their target 
radio waves by being influenced by the interference 
between the antennas. With this arrangement, only a 

25 small space is necessary for mounting a plurality of 
antennas, so that a multiple of antennas are easily dis- 
posed in a limited space such as a car. 

FIG. 1 schematically shows examples of an 
antenna apparatus according to a first embodiment of 

30 the present invention, (a) of FIG. 1 laterally shows two 
antennas 2a and 3a disposed close to each other in a 
plane (referred to as the reference plane) substantially 
the same as the antenna plane, (b) of FIG. 1 shows two 
square loop antennas 2b and 3b disposed close to each 

35 other, (c) of FIG. 1 shows circular loop antennas 2c and 
3c disposed close to each other, (d) of FIG. 1 shows 
square-law antennas 2d and 3d disposed close to each 
other. 

40 (a) of FIG. 2 shows dipole antennas 11a and 12a 
disposed close to each other, (b) of FIG. 2 shows 
low-profile antennas 1 1b and 1 2b disposed close to 
each other, (c) of FIG. 2 shows two antennas of dif- 
ferent types, i.e. a square-law antenna 11c and a 

45 dipole antenna 1 2c disposed close to each other. In 
the present embodiment, other types of antennas 
may be used instead of the above-mentioned types 
of antennas. While the distance between the anten- 
nas disposed close to each other is not specifically 

so limited, it is more advantageous and desirable if the 
distance is 1/4 the wavelength or shorter. 

The number of antennas disposed close to each 
other is not limited to two but may be three or more. 
55 When antennas for AM broadcasting, FM broadcasting, 
TV broadcasting and radio telephones are disposed 
close to each other, for example, they may be disposed 
intensively in one place. 

FIG. 3 schematically shows examples of antennas 
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applicable to the present invention. These antennas are 
also applicable to subsequently-described embodi- 
ments of the present invention. As shown in FIG. 3, the 
antennas adopted in the present embodiment are as fol- 
lows: as linear antennas, a dipole antenna 31 and a V- 5 
type dipole antenna 32; and as bent antennas, a heiro 
antenna 33a, a square-law antenna 33b, a circular loop 
antenna 34a, a square loop antenna 34b, an inverted L- 
type antenna 35, an inverted F-type antenna 36 and an 
M-type antenna 37. The low-profile antenna (see (b) of 10 
FIG. 2). and a patch antenna 41 and a microstrip 
antenna 42 as shown in FIG. 4 may also be adopted. 

The positional relationship between the feeders of 
the antennas, which may be any given relationship, 
includes ones as shown in FIG. 5. As shown in (a) of is 
FIG. 5, feeders 57, 58 and 59 may closely face each 
other, or as shown in (b) of FIG. 5, the feeders 57, 58 
and 59 may face in the same direction. 

Further, as shown in (a) of FIG. 6, the positional 
relationship between the feeders 57, 58 and 59 may be 20 
such that one of the antennas is turned 90 degrees (the 
angle is not necessarily 90 degrees but may be a prede- 
termined angle) in the antenna plane, or as shown in (b) 
of FIG. 6, the feeders 57, 58 and 59 may face away from 
each other, (a) and (b) of FIGs. 5 and 6 show from the 25 
left the case of loop antennas 51 and 52, the case of 
square-law antennas 53 and 54 and the case of low- 
profile antennas 55 and 56. 

In fabricating the antenna according to the present 
embodiment, the antenna element may be formed by 30 
using printed wiring on a circuit board as well as by 
processing a metal member. The use of printed wiring 
facilitates the fabrication of the antenna, so that cost 
reduction, size reduction and reliability improvement are 
expected. 35 

(Second Embodiment) 

FIG. 7 schematically shows examples of an 
antenna apparatus according to a second embodiment 40 
of the present invention. This embodiment is different 
from the first embodiment in that, as shown in (a) of FIG. 
7, a plurality of antennas 72a and 73a or 74a and 75a 
are intensively disposed so that one is nested in another 
in a reference plane 1 including the antennas. In the 45 
case of the loop antennas, for example, as shown in (b) 
FIG. 7, a medium-size loop antenna 73b (76b) is dis- 
posed within a largest loop antenna 72b (75b) and a 
smallest loop antenna 74b (77b) is disposed within the 
medium-size loop antenna 73b (76b). (c) of FIG. 7 sc 
shows an example using two square-law antennas 72c 
and 73c of different sizes, (d) of FIG. 7 shows an exam- 
ple using antennas of different types. A dipole antenna 
73d, a loop antenna 74d and a low-profile antenna 75d 
are disposed within a square-law antenna 72d of the 5i 
largest size, (b) to (d) of FIG. 7 show examples of the 
right arrangement of (a) of FIG. 7 where the smaller 
antenna is wholly nested in the larger antenna. The 
smaller antenna may be partly nested like the left 



arrangement of (a) of FIG. 7. 

As modifications of the present embodiment, as 
shown in (a) and (b) of FIG. 8, the antenna element may 
be partly shared by a plurality of antennas, (a) of FIG. 8 
shows an example where a smaller square-law antenna 
82 is disposed in a larger square-law antenna 81 shar- 
ing an antenna element 83 therewith, (b) of FIG. 8 
shows an example where the smaller square-law 
antenna 82 is disposed in contact with the larger 
square-law antenna 81 through the shared antenna ele- 
ment 83. 

(Third Embodiment) 

FIG. 9 schematically shows examples of an 
antenna apparatus according to a third embodiment of 
the present invention. This embodiment is different from 
the above-described first and second embodiments in 
that, as shown in (a) of FIG. 9, two antennas 91 and 92 
or 93 and 94 are disposed to layer in a direction vertical 
to the reference plane 1 . In this arrangement, the anten- 
nas may be disposed not to overlap each other as 
shown in the left view or may be disposed so that one is 
wholly or partly superposed over another as shown in 
the right view, (b) of FIG. 9 which shows an application 
of the present embodiment is a partially cutaway view of 
loop antennas 95 and 96 formed on a multilayer printed 
circuit board 97 by using printed wiring. In this example, 
the antennas are disposed to overlap each other. 

(Fourth Embodiment) 

FIG. 10 schematically shows examples of an 
antenna apparatus according to a fourth embodiment of 
the present invention. This embodiment is different from 
the above-described embodiments in that, as shown in 
(a) of FIG. 10. two antennas 101 and 102 are stereo- 
scopically disposed so that their antenna planes form a 
predetermined angle 6 (in this case, 90 degrees). By 
adjusting the predetermined angle 6 (e.g. antenna 103), 
the directivity is controlled, (b) of FIG. 10 shows an 
example where square-law antennas 104 and 105 are 
disposed on a plate 106 to be perpendicular to each 
other. 

(Fifth Embodiment) 

In this embodiment, the target frequency band is 
divided and a plurality of antennas each corresponding 
to a divisional band are intensively disposed in any of 
the manners as described in the above embodiments to 
synthesize their antenna outputs by a synthesizer. As 
shown in (a) of FIG. 11, for example, the antenna out- 
puts of loop antennas 1 12, 113, 114 and 115 ar cou- 
pled to a synthesizer 111. With this arrangement, the 
directivity gains of the antennas improve and the target 
frequency band increase as shown in (b) of FIG. 1 1 in a 
limited mounting area. 
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(Sixth Embodiment) 

FIG. 12 schematically shows examples of an 
antenna apparatus according to a sixth embodiment of 
the present invention. The basic arrangement of the 
antennas according to this embodiment is that, as 
shown in (a) of FIG. 12, two antennas 121 and 122 are 
intensively disposed in a manner such that the two 
antenna outputs have opposite phases for a radio wave 
coming from a predetermined direction. By synthesizing 
the two antenna outputs by a synthesizer 123, the radio 
wave coming from the predetermined direction is can- 
celed. 

(b) of FIG. 12 shows an application of the above- 
described principle. In this example, two antennas 
124 and 125 are lined up in a direction from which 
radio waves are coming and a dielectric material 
126 is inserted between the two antennas 124 and 
125. The reason for the insertion of the dielectric 
material 126 is as follows: Since the antennas 124 
and 125 are disposed so that one functions as a 
director and the other functions as reflector accord- 
ing to the principle of Yagi antenna, it is necessary 
that the distance between the two antennas 124 
and 125 be 1/4 the wavelength. If the distance is 1/4 
the wavelength, however, the actual distance is too 
long to be practical. The dielectric material 126 is 
inserted to reduce the actual distance. The outputs 
of the two antennas 1 24 and 1 25 are taken out after 
being synthesized by the synthesizer 123. With this 
arrangement, by disposing the antenna 1 24 func- 
tioning as a director outside the car body and dis- 
posing the antenna 125 functioning as a reflector 
inside the car body, for example, signals are taken 
out where waves such as broadcast waves and 
communication waves coming from outside the car 
are emphasized. In addition, noises from inside the 
car caused by the engine and the like are canceled, 
so that unnecessary noises are reduced and 
desired signals are obtained. A phase shifter may 
be inserted between one of the antenna outputs 
and the synthesizer so that the phase may be 
adjusted. 

(Seventh Embodiment) 

FIG. 13 schematically shows examples of an 
antenna apparatus according to a seventh embodiment 
of the present invention. FIG. 14 schematically shows 
other examples of the antenna apparatus according to 
the seventh embodiments. This embodiment is charac- 
terized in that a dielectric or magnetic material is dis- 
posed in the vicinity of the antenna element to improve 
the directivity of the antenna by using interference 
caused by the material, (a) of FIG. 13 shows an exam- 
ple where a dielectric or magnetic material 132 is dis- 
posed in an antenna 131. (b) of FIG. 13 shows an 
example where the antenna 131 is wholly covered with 



the dielectric or magnetic material 132. (c) of FIG. 13 
shows an example where the dielectric or magnetic 
material 132 is divided into portions to surround the 
antenna 131. 

5 

(a) and (b) of FIG. 14 show examples where dielec- 
tric or magnetic materials 142 of different sizes are 
disposed in the plane of an antenna 141 so that 
their sizes continuously vary. With this arrange- 
To merit, Fresnel lens effect is obtained for the target 
radio waves, so that the radio waves are effectively 
received, (c) and (d) of FIG. 14 show examples 
where the dielectric or magnetic materials 142 of 
different sizes are disposed in a direction vertical to 
is the antenna plane so that their sizes continuously 
vary. With this arrangement, the above-mentioned 
effect is obtained with respect to the direction verti- 
cal to the antenna 141 . 

20 Instead of the dielectric or magnetic material, a 
conductive material such as a metal may be disposed in 
the vicinity. In this case, as shown in (a) of FIG. 15, a 
conductive material 152 may be disposed in the vicinity 
of an antenna 151 having a feeder 153, or as shown in 

25 (b) of FIG. 15, the antenna 151 and the conductive 
material 152 may be connected by a conductive mate- 
rial 154. 

(Eighth Embodiment) 

30 

FIG. 16 is an external view of assistance in explain- 
ing where antennas are disposed in an eighth embodi- 
ment of the present invention. In this embodiment, 
where antennas are disposed will be explained with 

35 respect to an example where the antennas are mounted 
on a car. While linear low-profile antennas are mounted 
in this example, an antenna apparatus may be mounted 
where a plurality of antennas are disposed intensively 
or close to each other as described in the above embod- 

40 iments. As shown in FIG. 16, the antennas are dis- 
posed, for example, at a rear spoiler 161 , a trunk lid rear 
panel 162, a rear tray 163, a roof spoiler 164, and a roof 
165 such as a sun roof visor. 

The mounting condition of the antennas is cross- 

45 sectionally shown in (a) and (b) of FIG. 17. (a) of FIG. 1 7 
shows an example where a pickup antenna 171 is dis- 
posed in a car body member 173 with a dielectric mate- 
rial 172 between, (b) of FIG. 17 shows an example 
where a pickup antenna 174 is disposed inside and a 

so spoiler antenna 1 75 is disposed outside with a trunk lid 
1 76 between. These examples include the arrangement 
as described in the seventh embodiment where the die- 
lectric or magnetic material is disposed in the vicinity of 
the antenna and an arrangement where a conductive 

55 car body member is disposed in the vicinity of the 
antenna. That is, the car body member is used as the 
material disposed in the vicinity of the antenna in the 
seventh embodiment. 

In the case of antennas for vertically polarized 
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waves, as shown in FIG. 18, for example, the antennas 
are disposed at either end of spoilers 1 81 and 1 82 of the 
car or at an end of the sun visor of the car. That is, in 
order that vertically polarized waves are readily 
received, the antennas are set at portions 184 which 
are as close to the vertical as possible. The antennas 
may be disposed at other portions of the car as long as 
they are at an angle to the horizontal. At a plane portion 
183 of the spoiler, an antenna for horizontally polarized 
waves may be disposed. 

(Ninth Embodiment) 

FIG. 19 schematically shows an antenna apparatus 
according to a ninth embodiment of the present inven- 
tion. This embodiment is similar to the seventh embodi- 
ment in that a conductive material is disposed in the 
vicinity of the antenna element, but is designed for dif- 
ferent purposes. Although this antenna apparatus is 
planar as a whole and have a shape of an antenna for 
horizontally polarized waves, it is designed for vertically 
polarized waves That is, in FIG. 19, a multiple of small 
monopole antennas 192 (these antennas are not con- 
nected to a feeder 193) are disposed under a square 
loop antenna 191 to be vertical to the antenna plane, 
and vertically polarized waves are received by the mul- 
tiple of monopole antennas 192 and directed to the loop 
antenna 191. According to this arrangement, an 
antenna for vertically polarized waves may be disposed 
in the horizontal direction like the antenna for horizon- 
tally polarized waves. 

The horizontally disposed antenna (antenna where 
current is generated) is not limited to the loop antenna 
but may be an antenna of another type such as a heiro 
antenna or a square-law antenna. While the number of 
monopole antennas may be arbitrarily decided, it is 
desirable that the number be large to some extent. 

(Tenth Embodiment) 

FIG. 20 diagrammatically shows an antenna appa- 
ratus according to a tenth embodiment of the present 
invention. This embodiment is characterized in that the 
impedance of the feeder is controlled to control the 
directivity of the antenna, (a) of FIG. 20 shows an exam- 
ple where the length L of a feeder 202 (e.g. coaxial 
cable) is changed to control the impedance of a square- 
law antenna 201. This arrangement, however, is not 
very practical because it is cumbersome to frequently 
change the length of the feeder. Therefore, as shown in 
(b) of FIG. 20, a similar function is realized by using a 
parallel resonance circuit including a varicap 204, a 
capacitor and a coil. According to this arrangement, by 
changing a reverse bias voltage 205 of the varicap 204, 
a resonance frequency fO of the resonance circuit is 
changed to change the impedance (-Z), so that the 
directivity of an antenna 203 is easily controlled. The 
type of the antenna is not limited to the ones shown in 
the above-described embodiments. 



(Eleventh Embodiment) 

In an eleventh embodiment, road-to-car communi- 
cation antennas such as antennas for LCXs (leakage 

s coaxial cables) or antennas for automatic tailgates used 
for communications between the road side and the car 
side, or car-to-car communication antennas used for 
communications between cars are disposed in the out- 
line of the car body. Specifically, as shown in FIG. 21, 

io the antennas are disposed, for example, at a pillar por- 
tion 21 1 of the car. Since the antenna is set not outside 
the car body but in the outline thereof, a breakdown 
from deformation less frequently occurs, so that the reli- 
ability of the antenna increases. 

15 

(Twelfth Embodiment) 

FIG. 22 diagrammatically shows two examples of 
an antenna apparatus according to a twelfth embodi- 

20 ment of the present invention. In the example shown in 
(a) of FIG. 22, to the feeders of two loop antennas 221 
and 22 disposed close to each other, variable imped- 
ances 223a and 224a are coupled so that the directivi- 
ties of the antennas formed by the interference 

25 therebetween are most desirable. By varying the imped- 
ances 223a and 224a, the directivities of the antennas 
are controlled so that their gains are the maximum. In 
the example shown in (b) of FIG. 22, the impedances 
223b and 224b coupled to the feeders of two loop 

30 antennas 225 and 226 are fixed and are turned on and 
off by switches 227 and 228. By turning on the switch 
227 of the desired antenna 225 and turning off the 
switch 228 of the other antenna 226, for example, the 
directivity gain of the desired antenna is maximized. 

35 While the number of antennas is two in these exam- 
ples, the number is not limited but may be three or more. 
Moreover, the type of the antenna is not limited to the 
loop antenna. 

While variable impedance is used in the present 

40 embodiment, any means may be used that is capable of 
varying the impedance of the antenna. The function to 
vary or turn on and off the impedance of the antenna 
may be provided to all the antennas or to only a part of 
the antennas. 

45 

(Thirteenth Embodiment) 

FIG. 23 diagrammatically shows two examples of 
an antenna apparatus according to a thirteenth embod- 

so iment of the present invention. While (a) of FIG. 23 
shows an example where one antenna is disposed and 
(b) of FIG. 23 shows an example where two antennas 
are disposed, three or more antennas may be disposed 
and antennas of other types may be disposed in this 

55 embodiment. In the example of (a) of FIG. 23, the direc- 
tivity of an antenna 232 is changed to a desired one by 
changing the positional relationship betw en the 
antenna 232 and a ground 231 disposed in the vicinity 
thereof. In the example of (b) of FIG. 23. the directivities 
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of two antennas 233 and 234 are controlled to be most 
desirable by changing the positional relationship 
between the antennas 233 and 234, between the 
antenna 233 and the ground 231 or between the 
antenna 234 and the ground 231 to change the interfer- 5 
ence therebetween. 

While the ground comprises a single conductive 
material in the above-described examples, the car body, 
for example, may be used as the ground. 

w 

(Fourteenth Embodiment) 

FIG. 24 diagrammatically shows three examples of 
an antenna apparatus according to a fourteenth embod- 
iment of the present invention, (a) of FIG. 24 shows an 15 
example where one antenna according to the present 
embodiment is disposed, (b) of FIG. 24 shows an exam- 
ple where two antennas of the same type according to 
the present embodiment are disposed, (c) of FIG. 24 
shows an example where an antenna according to the 20 
present embodiment and a dipole antenna are dis- 
posed. As shown in (a) of FIG. 24, by using a dipole 
antenna 241 of a spiral form with a predetermined 
number of turns, the size of the antenna is reduced. As 
shown in (b) of FIG. 24, by disposing two antennas 242 25 
and 243 according to the present embodiment close to 
each other, the interference between the antennas 
improves the directivity gains of the antennas. As shown 
in (c) of FIG. 24, an antenna 244 of the above-described 
type and a typical dipole antenna 245 may be disposed 30 
close to each other. In this embodiment, the element of 
a monopole antenna may be wound a predetermined 
number of times, and the number of antennas disposed 
close to each other and the types of the antennas are 
not limited to the ones described above. 35 

(Fifteenth Embodiment) 

FIG. 25 diagrammatically shows an example of an 
antenna apparatus according to a fifteenth embodiment 40 
of the present invention. In this embodiment, in an 
arrangement where a plurality of antennas are dis- 
posed, the number of feeders of the plurality of anten- 
nas is reduced by using a coupled circuit 250. 
Specifically, as shown in FIG. 25, feeders 251 , 252, 253, 45 
254 and 255 of antennas for FM/TVL, TV(H), TV(UHF), 
TEL and GPS may be integrated into an ail receiving 
portion 256 and a transmitting portion 257 for TEL by 
the coupled circuit 250 including band-pass filters (BPF) 
258, a high-pass filter (HPF) 259 and a low-pass filter so 
(LPF) 260 each having a desired band. Alternatively, as 
shown in FIG. 26, the feeders 251, 252 and 253 of the 
antennas for FM/TVL, TV(H) and TV (UHF) may be inte- 
grated into one receiving portion 262 by a coupled cir- 
cuit 261 including the band-pass filters (BPF) 258 and ss 
the low-pass filter (LPF) 260. 

A problem with cars, for example, is that an 
increase in size of the wire harness in the car body 
increases the complexity of the manufacture process 



and the weight to increase the size of the car body. With 
the antenna apparatus of the present embodiment, the 
number of feeders is reduced, so that the number of 
steps in the manufacture process and the weight of the 
cables are reduced. 

(Sixteenth Embodiment) 

FIG. 27 diagrammatically shows an example of an 
antenna apparatus according to a sixteenth embodi- 
ment of the present invention. In the antenna apparatus 
of the present embodiment, a plurality of antennas are 
disposed in a predetermined area in a manner such that 
the directivities of the antennas are most desirable, and, 
diversity reception is performed where an antenna 
whose reception condition at the antenna element is 
most desirable is selected. In FIG. 27, for example, two 
loop antennas 271 and 272 are disposed in a manner 
such that their directivities are most desirable and the 
one of the antennas that provides optimum wave propa- 
gation is selected by a diversity change-over switch 273 
connected to a feeder. The number of antennas is not 
limited to two like in the present embodiment but may be 
three or more, and the type of the antennas is not lim- 
ited to the loop antenna but another type of antennas or 
the combination of different types of antennas may be 
used. 

In the above-described embodiment, a plurality of 
antennas are disposed close to each other in a manner 
such that the interference therebetween is used. On the 
contrary, by disposing a plurality of antennas close to 
each other in a manner such that the interference ther- 
ebetween is not readily caused, that is, in positions 
where their directivity gains are low, the interference 
between the antennas is hardly caused, so that even 
antennas designed to be suitable for their own target 
radio waves may be used, without any degradation of 
the directivities, for the arrangement where a plurality of 
antennas are disposed in a comparatively small area. 

While in the above-described seventh and eighth 
embodiments, a conductive material or a dielectric 
material (including glass) or a magnetic material is dis- 
posed in the vicinity of the antenna, the antenna may be 
formed inside or on the surface of a conductive material 
or a dielectric material or a magnetic material. In this 
case, greater advantage is obtained by forming the 
antenna element inside or on the surface of the car 
body or the window glass. 

(Seventeenth Embodiment) 

FIG. 28 schematically shows examples of an 
antenna apparatus according to a seventeenth embodi- 
ment of the present invention. Referring to (a) of FIG. 
28, in this antenna apparatus, a plurality of antenna 
devices 281 , 282 and 283 are disposed to layer in a 
direction vertical to the reference plane (antenna plane), 
and taps (feeding points) provided in predetermined 
positions of the antenna devic s 281 , 282 and 283 are 
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connected to a common feeding terminal 287 for com- 
mon feeding. The ground sides of feeders of the 
antenna devices 281 , 282 and 283 are also connected 
to a common point. With this arrangement, one antenna 
may be formed of a plurality of antenna devices. s 

Because increasing the length of the antenna 
devices reduces the tuning frequency and reducing the 
length increases the tuning frequency, by using the 
antenna devices 281, 282 and 283 of the same length 
so that they have the same frequency band, the overall io 
gains of the antenna apparatus is increased, and by 
using the antenna devices 281 , 282 and 283 of different 
lengths so that they have different frequency bands, the 
overall frequency band of the antenna apparatus is 
increased. In the case of the antenna apparatus having 15 
a wide frequency band, by using antenna devices hav- 
ing continuously different tuning frequencies, the 
antenna apparatus is provided with an overall frequency 
band ranging from the lowest to the highest frequency 
bands of the antenna devices. 20 

Instead of the above-described arrangement, as 
shown in (b) of FIG. 28, antenna devices 284, 285 and 
286 may be disposed to obliquely layer so that their pro- 
jection surfaces to the reference surface overlap. In this 
arrangement, the connection at the feeders is the same 2s 
as that of (a) of FIG. 28. 

In the above-described antenna apparatuses, the 
feeding impedance is controlled by adjusting the posi- 
tions of taps of the antenna devices. 

FIG. 29 which shows an application of the present 30 
embodiment is a partially cutaway view of an arrange- 
ment where two antenna devices 292 and 293 are 
formed by using printed wiring in different layers of a 
multilayer printed circuit board 291. The connection 
between the antenna devices 292 and 293 in a prede- 35 
termined position is enabled by passing a conductive 
material through a through hole 294. By thus forming 
antenna devices on a multilayer printed circuit board by 
use of printed wiring, a high-gain and wide-frequency- 
band antenna apparatus is easily realized. *o 

While the number of antenna devices is two or three 
in the present embodiment, the number may be four or 
more. In that case, the antenna devices may all have the 
same tuning frequencies, or some of them may have dif- 
ferent tuning frequencies, or they may all have different 45 
tuning frequencies. 

(Eighteenth Embodiment) 

FIG. 30 schematically shows examples of an so 
antenna apparatus according to an eighteenth embodi- 
ment of the present invention. In this embodiment, a 
plurality of antenna devices are connected to a common 
feeding point. Referring to (a) of FIG. 30, taps 304a, 
305a and 306a are formed in predetermined positions 55 
of antenna devices 301a, 302a and 303a, respectively, 
and the taps 304a, 305a and 306a are connected to a 
common feeding terminal 307a. The feeding impedance 
is controlled by adjusting the positions of the taps. While 



the taps of the antenna devices are formed in the same 
direction in this arrangement, they may be formed in 
arbitrary directions. 

(b) of FIG. 30 shows a modification of the above- 
described antenna apparatus of (a) of FIG. 30. In 
this modification, taps 304b, 305b and 306b formed 
in predetermined positions of antenna devices 
301b, 302b and 303b are connected via a common 
electrode 308 to a feeding terminal 307b. With this 
arrangement, not only the structure of the antenna 
apparatus is simplified but also a more space-sav- 
ing antenna apparatus is realized by disposing the 
electrode 308 in parallel with the outermost 
antenna device 301b, for instance. In addition, 
since the electrode 308 and the portions of the 
antenna devices 301b, 302b and 303b which are in 
parallel with the electrode 308 are formed in one 
step, the manufacture process is facilitated. 

FIG. 31 shows examples where reactance devices 
are provided at the feeders of the antenna apparatus of 
the present embodiment, (a) of FIG. 31 shows an exam- 
ple where taps of antenna devices 31 1 a, 31 2a and 31 3a 
are connected via reactance devices (in this case, 
capacitors) 314a, 315a and 316a to a common elec- 
trode 318 which is connected to a feeding terminal 
317a. (b) of FIG. 31 shows an example where taps of 
antenna devices 31 1b. 312b and 313b are connected to 
a common electrode 318 which is connected via a reac- 
tance device (in this case, a capacitor) 319 to a feeding 
terminal 317b. Further, as shown in FIG. 32, a reac- 
tance device 328 may be connected between a feeding 
terminal 327 and the ground terminal in the arrange- 
ment of (a) of FIG. 31. 

Thus, with the use of an appropriate reactance 
device at the feeder, desired feeding impedance, fre- 
quency band and maximum radiation efficiency are 
obtained by adjusting the reactance device as well as by 
adjusting the positions of taps of the antenna devices. 
As the reactance device, a capacitor may be used like in 
the above-described examples or an inductor may be 
used. Further, a variable reactance device may be used 
so that the impedance is variable. 

While antenna devices of dipole type are used in 
the present embodiment, the type of the antenna 
devices is not limited thereto. Antenna devices of 
monopole type, for example, may be used which com- 
prise only the portion enclosed by the dash and dotted 
line in (a) of FIG. 30. The same applies to the antenna 
apparatuses of (b) of FIG. 30 and FIGs. 31 and 32 and 
to a subsequently-described antenna apparatus of FIG. 
33. 

While three antenna devices are provided in the 
present embodiment, two antenna devices or four or 
more antenna devices may be provided. In that case, 
the antenna devices may all have the same tuning fre- 
quencies, or some of them have different tuning fre- 
quencies, or they may all have different tuning 
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frequencies. That is, the length of each antenna device 
is adjusted so that a desired tuning frequency is 
obtained. 

(Nineteenth Embodiment) 5 

FIG. 33 schematically shows an example of an 
antenna apparatus according to a nineteenth embodi- 
ment of the present invention. In this embodiment, a 
conductive ground plate 338 is disposed to face the io 
antenna planes of antenna devices 331, 332 and 333 
whose feeders have their ground terminals connected 
to the conductive ground plate 338. Other parts are 
arranged similarly to (a) of FIG. 31 . That is, taps formed 
in predetermined positions of the antenna devices 331 , 15 
332 and 333 are connected to reactance devices 334, 
335 and 336 which are connected via a common elec- 
trode 339 to a feeding terminal 337. With this arrange- 
ment, when antenna devices of the same length and 
configuration are used, an antenna apparatus is real- 20 
ized which has high gain and wide band in a higher fre- 
quency band as compared to the arrangement where 
no conductive ground plate is provided. 

While three antenna devices are provided in the 
present embodiment, two antenna devices or four or 25 
more antenna devices may be provided. In that case, 
the antenna devices may all have the same tuning fre- 
quencies, or some of them have different tuning fre- 
quencies, or they may all have different tuning 
frequencies. That is, the length of each antenna device 30 
is adjusted so that a desired tuning frequency is 
obtained. 

While the arrangement of (a) of FIG. 31 is used as 
the basic arrangement of the present embodiment, 
other arrangements such as the ones shown in (b) of 35 
FIG. 31 and (a) and (b) of FIG. 30 may be used as the 
basic arrangement to which the conductive ground plate 
connected to the ground terminal of the feeder is added. 

As is apparent from the above description, accord- 
ing to the present invention, since the size, configuration 40 
and mounting condition of a plurality of antennas dis- 
posed in a predetermined area are set so that the direc- 
tivities of the antennas formed by the interference 
therebetween are most desirable, a plurality of anten- 
nas may be disposed intensively or close to each other 45 
in a small area, so that the size of the antenna appara- 
tus is reduced. 

Moreover, by disposing two antennas in a manner 
such that their antenna outputs have opposite phases 
for a radio wave coming from a predetermined direction so 
and synthesizing the two antenna outputs, noises com- 
ing from the predetermined direction are prevented. 

Claims 

55 

1 . An antenna apparatus wherein a plurality of anten- 
nas are disposed in a predetermined area and 
wherein size, configuration and mounting condition 
of the antennas are set so that their directivities 



formed by interference therebetween are most 
desirable. 

2. An antenna apparatus according to claim 1, 
wherein, letting an antenna plane of one of said plu- 
rality of antennas be a reference plane, said anten- 
nas are disposed intensively or close to each other 
in the reference plane, or so as to share a part of 
antenna elements in the reference plane, or so that 
their antenna planes are layered in a direction verti- 
cal to the reference plane, or so that their antenna 
planes form a predetermined angle therebetween. 

3. An antenna apparatus according to claim 1 or 2, 
wherein a positional relationship between said 
antennas in the antenna plane is such that feeders 
of the antennas closely face each other, or such 
that the feeders face away from each other, or such 
that the feeders face in the same direction, or such 
that, letting the feeder of one of the antennas be a 
reference, the feeder of another antenna is turned a 
predetermined angle from the reference feeder. 

4. An antenna apparatus according to any of claims 1 
to 3, wherein said antennas are formed on the 
same circuit board or on a multilayer circuit board 
by using printed wiring. 

5. An antenna apparatus according to any of claims 1 
to 4, wherein said plurality of antennas each corre- 
spond to a divisional frequency band of a target fre- 
quency band, and wherein a synthesizer is 
provided for synthesizing outputs of the antennas. 

6. An antenna apparatus comprising two antennas 
and a synthesizer for synthesizing outputs of the 
two antennas, wherein said two antennas are dis- 
posed in a manner such that their antenna outputs 
have opposite phases for a radio wave coming from 
a predetermined direction. 

7. An antenna apparatus according to claim 6, 
wherein said two antennas are lined up in a direc- 
tion from which a radio wave is coming so that an 
output for a radio wave coming from one direction is 
emphasized and an output for a radio wave coming 
from another direction is canceled. 

8. An antenna apparatus according to claim 7, 
wherein a dielectric material is disposed between 
the two antennas. 

9. An antenna apparatus wherein a dielectric material 
or a magnetic material or a conductive material is 
disposed close to an antenna element. 

10. An antenna apparatus according to claim 9, 
wherein a part of a structural member of a car is 
used as the dielectric material or the magnetic 
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material or the conductive material. 

11. An antenna apparatus wherein a plurality of anten- 
nas are disposed close to each other each in a 
position where their directivity gain is low. 

1 2. An antenna apparatus comprising a planar antenna 
element and at least one monopole antenna dis- 
posed close to said planar antenna element in a 
direction substantially vertical to a plane of said pla- 
nar antenna element, wherein interference 
between said monopole antenna and said planar 
antenna element is used to receive vertically polar- 
ized waves. 

13. An antenna apparatus comprising an antenna and 
impedance controlling means provided at a feeder 
of said antenna for controlling a directivity of said 
antenna. 

14. An antenna apparatus according to claim 13. 
wherein a varicap is used as said impedance con- 
trolling means. 

15. An antenna apparatus according to any of claims 1 
to 14, wherein said antenna is any of a linear 
antenna, a low-profile antenna, a patch antenna 
and a microstrip antenna. 

16. A linear low-profile antenna wherein an antenna 
element is disposed at any of a rear spoiler, a trunk 
lid rear panel, a rear tray, a roof spoiler and a roof of 
a car. 

17. An antenna for vertically polarized waves, wherein 
an antenna element is disposed at a portion 
inclined at least a predetermined angle to the hori- 
zontal. 

18. An antenna for vertically polarized waves according 
to claim 17, wherein said portion inclined at least a 
predetermined angle is either end of a spoiler or an 
end of a sun visor. 

19. An antenna for car-to-car communications, wherein 
an antenna element is disposed in a body of a car. 

20. An antenna for road-to-car communications, 
wherein an antenna element is disposed in a body 
of a car. 

21. An antenna for road-to-car communications 
according to claim 20, wherein said antenna is an 
antenna for leakage coaxial cable or an antenna for 
automatic tollgates. 

22. An antenna according to any of claims 19 to 21, 
wherein said antenna element is disposed at a pillar 
portion of the car. 



23. An antenna apparatus wherein a plurality of anten- 
nas are disposed in a predetermined area and 
wherein a part or all of said plurality of antennas are 
provided with means for changing impedance 
5 applied to said antennas or a switch for turning on 

and off the impedance applied to said antennas so 
that directivities of said antennas formed by interfer- 
ence between the antennas are most desirable. 

io 24. An antenna apparatus wherein one or two antenna 
elements wound a predetermined number of times 
are provided for a feeder. 

25. An antenna apparatus according to claim 24, 
75 wherein said antenna element has a spiral form 

wound in a plane. 

26. An antenna apparatus according to any of claims 1 
to 3, wherein dipole antennas or monopole anten- 

20 nas each having an antenna element wound a pre- 
determined number of times in a plane, or each 
being wound a predetermined number of times in 
the plane are used as said plurality of antennas. 

25 27. An antenna apparatus according to any of claims 1 
to 3, 23, 26 and 28, wherein a ground is disposed 
close to the antennas so that their directivities are 
most desirable. 

28. An antenna apparatus according to claim 27, 
wherein said ground is a body of a car. 

29. An antenna apparatus comprising n feeders con- 
nected to n antennas, respectively less than n feed- 

35 ers, and a coupled circuit for connecting said less 
than n feeders and said n feeders. 

30. An antenna apparatus according to claim 29, 
wherein said coupled circuit has a part or all of a 

40 band-pass filter, a low-pass filter and a high-pass 
filter each having a desired band. 

31. An antenna apparatus according to any of claims 1 
to 3, wherein a switch for selecting an antenna pro- 

45 viding optimum wave propagation from among said 
plurality of antennas to switch to the selected 
antenna is disposed between a feeder and a radio 
apparatus. 



30 



50 32. An antenna apparatus according to any of claims 1 
to 3, wherein said antennas are formed in or on a 
surface of glass. 

33. An antenna apparatus according to any of claims 1 
55 to 3, wherein said antennas are formed in or on a 

surface of a car body or a dielectric material or a 
magnetic material. 

34. An antenna apparatus wherein a plurality of 
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antenna devices having the same or different tuning 
frequencies are disposed so as to have the same 
directivity, and wherein feeding points provided in 
predetermined positions of said plurality of antenna 
devices are connected to a common feeding termi- 5 
nal. 

35. An antenna apparatus according to claim 34, 
wherein a conductive ground plate is disposed to 
face antenna planes of said plurality of antenna 10 
devices, and wherein ground sides of feeders of 
said plurality of antenna devices are connected to 
said conductive ground plane. 

36. An antenna apparatus according to claim 34 or 35, is 
wherein a reactance device is disposed between 
said feeding points provided in the predetermined 
positions of the plurality of antenna devices and 
said common feeding terminal. 

20 

37. An antenna apparatus according to claim 34 or 35, 
wherein a reactance device is disposed between a 
feeding terminal side and a ground side of the 
feeder of each of the plurality of antenna devices. 

25 

38. An antenna apparatus according to claim 36 or 37, 
wherein said reactance device is a variable reac- 
tance device. 

30 
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